We have made use of the known sequence of the 5 1 ends of both CPMV RNAs to synthesise an oligodeoxynucleotide which can prime second-strand DNA synthesis on full-length cDNA copies of both RNAs. By priming synthesis in the presence of dideoxynucleoside triphosphates, we have determined the positions of the first AUG codons in each RNA. These occur at positions 115 and 207 on M and B RNA respectively. By using a cloned double-stranded DNA fragment derived from near the 5 1 end of M RNA as a primer additional sequence from the 5 1 terminal region of M RNA has been obtained.
INTRODUCTION
The genome of cowpea mosaic virus (CPMV) consists of two RNA molecules of positive (messenger) polarity. Both RNA molecules havB their 5 1 termini covalently linked to a small protein (Vpg) (1, 2) and both are polyadenylatBd at their 3 1 ends (3). The 5' and 3 1 terminal sequences of both RNAs have been determined (4) (5) (6) , revealing considerable sequence homology between the two RNAe in these regions, though overall the sequences are thought to be dissimilar (7). Both RNAs direct the synthesis of high molecular weight polypeptides which are subsequently cleaved to functional virus proteins (8, 9) . The primary product from bottom component (B) RNA is a single polypeptide of Mr 200,000, while middle component (M) RNA appears to code for two primary proteins (Mr's 105,000 and 95,000) of overlapping sequence (9) . Surprisingly, peptide mapping data (9) suggest that the two M-coded proteins share both common N and C termini. A duplication in the RNA sequence near the initiation site for protein synthesis has been proposed to account for this finding (9). However the origins of protein synthesis on either RNA are unknown since no initiator AUG codons were found in the 5 1 terminal 89 and 81 nucleotides of M and B RNA which have been sequenced so far (4, 5) .
We have made use of the known similarity in sequence at the 5' ends of M and B component RNAs (4, 5) 
MATERIALS AND METHODS
Oligonucleotide synthesis. The 21 base long oligodeoxyribonucleo-
synthesised by the solid phase phosphotriester method on a polyamide support as previously described (10), and purifiBd by ion exchange and reversed phasB high performance liquid chromatography (10). Based on 14 umole of deoxynucleoside attached to the support, 0.23B umole (60 A260 units) of the 21-mer was obtained in pure form (1.7$ yield overall) . The sequence was verified by 'wandering spot 1 analysis of kinase-labelled oligonucleotide (11).
cDNA synthesis. CPMV RNA was isolated from virus particles of the Nigerian isolate of CPMV strain SB by the method of Zimmern (12), Single-stranded cDNA was synthesised using an RNA concentration of 0.1 mg/ml and p d(T12-iB) (P-L Biochemicals) as primer (final concentration 0.01 mg/ml). Incubation was for 60 minutes at 42 C in 50 mM Tris-HCl (pH 8.3), 10 mM MgCl 9 , 1 mM DTT, B0 mM KC1, 0.5 mM 32 dBoxynucleoside triphosphates, including (a-P) dCTP, 800 units/ ml AMV reverse transcriptase (a gift of J.W. Beard) and 100-500 units/ml human placental ribonuclease inhibitor (Biotec, Madison). bases before the AUG codons (Fig. 3 ). In addition it was shown previously that thB extreme 5 1 endB of the two RNAs show marked sequence homology (4, 5) and these similarities presumably reflect the roles the two leader sequences havB in common.
Extension of the M-RNA sequence. Two of the M13 clones produced as described earlier containsd fragments derived from near the 5 1 end of M RNA (Fig. 3) CGGGACUUUCUUAGUCUUGACCCAAC AUG GGU CUC CCA GAA UAU GAG GCC MET GLY LEU PRO GLU TYR GLU ALA Figure 3 . Nucleotide sequences at the 5 1 ends of M and B CPMV RNAs. The dotted line marka the sequence corresponding to thB synthetic 21-mer and A indicates the limita of previously determined sequence. Y indicates a pyrimidine residue.
Mbo 1 sites (GAUC) are marked by square brackets.
The alternating C-U seqeunces are also marked. The sequence of nucleotides 1-41 of both RNAs have been taken from previously published work (4, 5) , the basB at position 1D on M RNA being ahawn as the two alternatives found.
In the isolate used for these studies it is most probably an A (4). that the AUG at position 115 is followed by an open reading framB sufficient to code for at least 100 amino acids. This provides some evidence that this AUG may indeed be the initiator of protein synthesis, especially since both thB other reading frames contain termination triplets and have no AUGs (Fig. 3) .
DISCUSSION
We have used thB known sequence at the 5 These occur between positions 6B and 84 on M RNA (this work and (5)) and between positions 149 and 161 on B RNA. Such alternating stretches have not been found previously in the 5' leader sequences of eucaryotic messengers. In both cases these alternating sequencBs are followed by a stretch of sequence containing runs of U residues (102-112 for M, 166-177 for B). The significance of these features is unclear though the high U and low G content of the 5 1 terminal sequence is similar to the situation at the 3 1 ends of thB molecules (6) . The distances between the 5 1 termini and the first AUG codons are somewhat greater than is normally found for messenger RNAB but this does appear to be a common feature of plant virus gBnomic . In contrast the subgenomic msssengers from TMV, BMV, CCMV, A1MV and TYMV all have relativsly short leadBr sequences (36) (37) (38) (39) , the length of the leader presumably influencing the efficiency with which the messenger is translated. At present it is unknown whether virion RNA itsBlf acts as a messenger in vivo, as it iB possible that the actual messengers may be derivatives, for instance lacking the Vpg, as is the case for picornaviruses (40, 41) . Isolation of virus-specific
RNAs from polysomBs may well rasolve this point.
